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Abstract 
Parallel-plates enthalpy exchangers are one of the most commonly encountered energy recovery devices that are 
used to simultaneously transfer both sensible heat and moisture between fresh air and exhaust ventilation. In this 
investigation, an application scale parallel-plates enthalpy exchangers is manufactured. The enthalpy exchanger is 
tested with an applicable experimental set-up. The performances of sensibleǃ latent and total energy exchanging 
have been investigated experimentally under various operating conditions. The sensible, latent and enthalpy 
effectiveness increase with an increase of the fresh air temperature. The sensible effectiveness is constant at 74% 
when the fresh air relative humidity increases. However, the latent effectiveness increases  with an increase of the 
relative humidity. 
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1. Introduction 
In the modern society, people are spending 90% of their time in indoors . Therefore, indoor air 
qualities (IAQ) in residences, offices and other non-industrial indoor environments have been 
increasingly concerned [1, 2]. Ventilation is one of the most effective ways to improve the IAQ. However, 
increased the air ventilation will result in a significant increase in the building cooling and heating load. 
Especially, in the South China regions like Guangdong, it is hot and humid. Dehumid ification fresh air 
ventilation accounts for 20%-40% of the total energy for air conditioning [3]. Therefore, it is necessary to  
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Nomenclature 
Cp specific heat of air, kJ/kg·k                          m  mass flow rate of air streams,kg/s  
T temperature, qC                                           H  specific enthalpy of air, kJ/kg 
Greek Symbols 
ε effectiveness                                                Z  humidity ratio,kg moisture/kg dry air 
Subscripts 
S sensible                                                         L   latent 
tot  total                                                             min  minimum 
f fresh air                                                        ex  exhaust air 
i inlet                                                               o  outlet   
use enthalpy exchangers to recover the heat and moisture of exhaust air. The parallel-plates enthalpy 
exchangers are one of the most commonly encountered enthalpy recovery devices. The membranes are  
the kernel part of parallel-plates enthalpy exchangers. There are four principal methods for fabricating the 
membranes like immersion precipitat ion (wet-casting), vapor-induced phase separation, thermally-
induced phase separation, and dry-casting. Compared with the other three principal methods, the dry-
casting method is more environment friendly and energy saving. 
In present work, the membranes are fabricated by dry-casting method. A parallel-p lates enthalpy 
exchanger is fabricated, seen Fig 1. The objective of this paper is to carry out an experimental 
investigation on the performance of sensible latent and total effectiveness under operating condition like 
various air flow rate, fresh air temperature and relative humidity. 
2. Experimental setup 
A schematic of the test rig is shown in Fig. 2. Two parallel air ducts with a 400 mm*200 mm cross-
section are assembled. Each duct is comprised of a variable  speed blower, a wind tunnel, wind 
straighteners, electric  heat coils, steam humid ifier, humid ification and temperature sensors. The sensors 
were put in any channel and experimental results were obtained by scanning on three different planes in 
the same cross-section. Thus measurements  have  been  occurred  for  n ine  points  in same  cross-section  
and  arithmetic  means  of  these  nine values  were  calculated. The enthalpy exchanger has an overall 
dimension of 0.185mh0.185mh0.48m and constructed of 230 flow passages with 115 inlet  air passages 
in each of the air streams. Each flow passage is designed with a parallel flow configuration. The heat and 
moisture transfer surface is made of 5­PWhick  membrane. 
The sensible effectivenessǃthe latent effectiveness and enthalpy effectiveness are calculated by[4] 
Sensible effectiveness 
)()(
)()(
)()(
)()(ε
eifiminp
eieoep
eifiminp
fofifp
s TTcm
TTcm
TTcm
TTcm

 
 


                                                                                                   (1) 
Latent effectiveness  
 C.H. Liang /  Energy Procedia  61 ( 2014 )  2699 – 2703 2701
 
)ωω()(
)ωω()(
)ωω()(
)ωω()(ε
eifiminp
eieoep
eifiminp
fofifp
L 
 
 
cm
cm
cm
cm



                                                                                    (2) 
Enthalpy effectiveness 
)(
)(
)(
)(ε
eifimin
eieoe
eifimin
fofif
tot HHm
HHm
HHm
HHm

 
 


                                                                                                     (3) 
Membrane-based Total
Enthalpy Exchanger
Blower
Heater &
Humidifier
Screen
Temperature  Sensor
Humidity  Sensor
Blower
Heater &
Humidifier
 
 
 
3. Results and discussions 
Fig. 3 shows the variation of the effectiveness of the enthalpy exchangers based membrane with air 
flow rates. In this experiment, the dry-bulb and relat ive humid ity of fresh air are 35°C and 65%, 
respectively. The sensible effectiveness, ranged from 82.7 % at air flow rate of 100 m3/h to 73.8% at 200 
m3/h. The latent effectiveness ranged from 74.1% at air velocity o f 100 m3/h to 66.5% at 200 m3/h. It  can 
be seen that the sensible effect iveness  is higher than the latent and total effectiveness. The higher the 
volumetric air flow rates are, the less the effectiveness is . This can be explained that the less the air flow 
rates are, the larger the residence is [5]. Consequently, the heat and moisture exchanging is adequate. The 
effectiveness is higher as the increase of the residence time.  As a result, the air flow rates have a 
significant effect on the effectiveness or efficiency of enthalpy exchangers.  
Fig. 4 shows the variations of effect iveness with varying fresh air inlet temperature. In  this experiment, 
the air flow rate is 200 m3/h. The dry-bulb and relative humidity of return air are 27 °C and 65%, 
respectively. The sensible effectiveness increases with an increase of the fresh air in let temperature. The 
trend is the same for the latent effectiveness. This can be explained that the coefficient of mass diffusive 
resistance increases with higher temperatures. This increased resistance is due to the higher humidity rat io 
at higher temperatures. Though moisture resistance increase somewhat, fresh air side humidity  rat io 
increase much more when the relative humidity is fixed. More moisture is adsorbed on fresh air 
membrane interface and permeates to exhaust side. This increased driving force is  more influential than 
other factors. Consequently, latent effectiveness rises with increasing temperature [6]. 
Fig. 5 shows the variations of effectiveness with different fresh air relat ive humidity. As seen, the 
sensible effectiveness is constant at 74% when the fresh air relative humid ity increases. However, the 
latent effectiveness changes much with relat ive humidity. The higher the relative humid ity is, the higher 
the latent effectiveness is. This implicates that much moisture is transferred though the plates at higher 
Fig. 1 The photograph of the enthalpy exchangers Fig. 2 The schematic of the experimental setup 
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humid ity. At the same t ime, the driving force through the plate increase with increasing relat ive humid ity 
in fresh air. As a result, the latent effectiveness increases more rapidly with increasing relative humidity. 
               
 
 
 
4. Conclusions  
Parallel-p lates enthalpy exchanger was investigated experimentally for various operating conditions. 
The measurements showed that as the airflow rate increase, the sensible, latent and total heat 
effectiveness decrease. The sensible effectiveness, ranged from 82.7 % at air flow rate of 100 m3/h to 
73.8% at 200 m3/h. The latent effectiveness ranged from 74.1% at air velocity of 100 m3/h to 66.5% at 
200 m3/h. The sensible, latent and total heat effectiveness increase with an increase of the fresh air 
temperature. The sensible effectiveness is constant at 74% when the fresh air relat ive humid ity increases. 
However, the latent effectiveness increases with an increase of the relative humidity. 
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